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Abstract
In the framework of HQET inclusive decays of b-flavored hadrons can be
handled as decays of the free b-quark approximately. We analyse the correc-
tion to this approximation for the inclusive decays into a polarized J/ψ, the
correction is characterized by two matrix elements defined in HQET. For the
J/ψ we use NRQCD to parameterize the formation of the cc¯ pair into J/ψ.
Numerically the correction is remarkably large, it can be at the level of 30%
and it is mainly due to the Fermi-motion of the b-quark. With this correc-
tion we give a new determination for combinations of two NRQCD matrix
elements.
PACS numbers: 13.25.Hw, 14.40.Gx, 12.38.Bx, 13.85.Ni.
Key Words: b-flavor decay, J/Ψ production, HQET, NRQCD.
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Inclusive decay of a b-flavored hadron into a charmonium is an interesting process in the
aspect that two effective theories derived from QCD are used to factorize nonperturbative
effects. For the charmonium, because the relative velocity vc between the c- and c¯-quark
inside the charmonium is small in the rest-frame, one can use NRQCD [1]to handle the
nonperturbative effect in the formation of the free cc¯ pair into the charmonium, while for the
initial hadron one can employ an expansion in the inverse of mb–the b-quark mass, because
mb is very large in comparison with the nonperturbative energy-scale Λ. The expansion
can be done with the heavy quark effective theory(HQET) [2](for a review, see e.g. [3]).
At the leading order the decay can be considered as the decay of the free b-quark, hence
the decay width is the same for all initial hadrons. Corrections from higher orders can be
systematically added, they will depend on the type of initial hadrons. It is the purpose of
this work to study the corrections from the next-to-leading order, i.e., the effect of initial
hadrons.
It should be kept in mind that the factorization mentioned before is not well estab-
lished in comparison with the factorization for totally inclusive decays and for inclusive
semilepton-decay, in these decays one can use the operator product expansion(OPE) to fac-
torize nonperturbative effects. With OPE the effect of the initial hadron in inclusive decays
are studied, for example, in [4,5]. For the process considered here OPE can not be used.
However we can use the diagram expansion proposed in [6] to perform the factorization and
assume that the factorization still holds, i.e., the perturbatively calculated coefficients are
free from infrared divergences. We will use the expansion and work at the leading order of
αs.
We consider the process:
Hb(P )→ J/ψ(k, λ) +X (1)
where we denote the b-flavored hadron as Hb, which contains a b-quark. The momenta are
given in the brackets. λ denotes the polarization of the J/ψ, λ = L is for the longitudinal
polarization and λ = T is for the transversal polarization. To analyze the decay three
expansions are used, they are expansion in αs, in vc and in the inverse of mb. In [7,8] the
decay is studied at the leading order of all expansions. At the leading order of vc and of
the inverse of mb the one-loop correction is calculated in [9] for the unpolarized J/ψ. The
corrections from the next-to-leading order of vc is analyzed in [10] at the leading order of αs
for the polarized J/ψ, they can be very large. Because of lacking the detailed information
about the formation of the cc¯ pair into a J/ψ, i.e., the precise values of NRQCD matrix
elements, a detailed prediction seems impossible without help of some models. In this work
we analyze the corrections from the next-to-leading order of the inverse ofmb to complete the
analysis of the correction from the next-to-leading order of all expansions. By completing
this analysis the last unknown effect in the theory for the process can be estimated, in which
nonperturbative effect is represented by matrix elements defined in HQET and in NRQCD.
In [11] models to account the effect are used to explain the J/ψ-spectrum.
The effective weak Hamiltonian for the decay is:
Heff =
GF√
2
∑
q=s,d
{VcbV ∗cq[
1
3
C[1](µ)c¯γ
µ(1− γ5)cq¯γµ(1− γ5)b
+C[8](µ)c¯T
aγµ(1− γ5)cq¯T aγµ(1− γ5)b]}. (2)
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We neglected the contributions of QCD penguin operators in Heff . T
a(a = 1, · · · 8) is SU(3)
color-matrix. The coefficients C[1] and C[8] are related to the usual C± by
C[1](µ) = 2C+(µ)− C−(µ), C[8](µ) = C+(µ) + C−(µ). (3)
With the effective Hamiltonia a cc¯ pair can not only be produced in the color-singlet state,
but also in the color-octet state. Although a cc¯ pair in the color-octet state can be trans-
mitted into a J/ψ at higher orders in vc than a cc¯ pair in the color-singlet state does, its
contributions to the decay rate are important, because the cc¯ pair is more likely in the color-
octet state than in the color-singlet state by the fact C[1](mb) : C[8](mb) ≈ 0.18 : 1. We will
take the color-octet states into account and write the decay width as
Γλ(J/ψ) = Γ
(1)
λ + Γ
(8)
λ , (4)
where the index 1 or 8 stands for color singlet contributions or for color-octet contributions,
respectively. With the Heff and in the approach of the diagram expansion at the leading
order in αs, the contributions to the decay width can be written:
Γ
(1)
λ =
G2FC
2
[1]
18
|Vcb|2
∫
dΓ
∫
dx4eiq·x
∑
X
· 〈0|c¯(0)γµ(1− γ5)c(0)|J/ψ +X〉〈J/ψ +X|c(x)γν(1− γ5)c(x)|0〉
· 〈Hb|b¯(0)γµ(1− γ5)γ · qγν(1− γ5)b(x)|Hb〉, (5)
where we used |Vcd|2 + |Vcs|2 ≈ 1. The integral
∫
dΓ is
∫
dΓ =
∫
d3k
(2pi)3
d4q
(2pi)4
2piδ(q2). (6)
In the above equations we neglect the mass of light quarks and take the nonrelativistic
normalization for Hb- and J/ψ-state. Similarly the color-octet contribution is
Γ
(8)
λ =
G2FC
2
[8]
2
|Vcb|2
∫
dΓ
∫
dx4eiq·x
∑
X
· 〈0|c¯(0)T aγµ(1− γ5)c(0)|J/ψ +X〉〈J/ψ +X|c(x)T bγν(1− γ5)c(x)|0〉
· 〈Hb|b¯(0)T aγµ(1− γ5)γ · qT bγν(1− γ5)b(x)|Hb〉. (7)
In both contributions the dependence on the initial hadron appears in a matrix element,
which is given by:
Tij(x) = 〈Hb|b¯j(0)bi(x)|Hb〉, (8)
where the indices i, j stand for color- and Dirac indices and the average of the spin is implied
if Hb has a non-zero spin. This matrix element represents the nonperturbative effects related
to the initial hadron, it can be expanded in the inverse ofmb in the framework of HQET. The
expansion is performed to expand the Dirac fields b¯(0) and b(x) with the fields in HQET. We
use the expansion proposed in [12], which is slightly different than the standard approach in
3
[2]. However, the final results are same by using these two expansions, if one correctly takes
the normalization of the state in HQET into account. The Dirac field can be expanded as:
b(x) = e−imbv·x
{
1 +
1
2mb
iγ ·DT + 1
4m2b
v ·Dγ ·DT − 1
8m2b
(γ ·DT )2
}
h(x) +O( 1
m3b
)
+(terms for anti− quark), (9)
where vµ is the velocity of Hb, D
µ is the covariant derivative ∂µ+ igGµ(x). DµT is defined as
DµT = D
µ − vµv ·D. (10)
h(x) is the field of HQET and its equation of motion reads:
{
iv ·D − 1
2mb
(γ ·DT )2
}
h(x) = 0 +O( 1
m2b
). (11)
With the expansion in Eq.(9) the operator N for the number of b-quarks is
N =
∫
d3xh¯(x)h(x). (12)
Using the expansion in Eq.(9) the matrix element Tij(x) can be written as
Tij(x) = e
−imbv·x{〈Hb|h¯j(0)hi(x)|Hb〉+ 1
2mb
〈Hb|h¯j(0)(iγ ·DTh(x))i − iγ ·DThj(0)hi(x)|Hb〉
+
1
4m2b
〈Hb|h¯j(0)(v ·Dγ ·DTh(x))i + v ·Dγ ·DThj(0)hi(x) + γ ·DThj(0)(γ ·DTh(x))i
−1
2
h¯j(0)((γ ·DT )2h(x))i − 1
2
(γ ·DT )2hj(0)hi(x)|Hb〉}+O(
1
m3b
). (13)
The dominant x-dependence of Tij(x) is exp(−imbv · x), while the x-dependence of matrix
elements with h(x) is controlled by the energy scale Λ, which is much smaller than mb, we
can expand this x-dependence in x. In this expansion we obtain a tower of local operators
On. The equation of motion Eq.(11) should be used to eliminate redundant operators. The
contribution from a given operator On to the decay width will be suppressed by the power
Λ(dn−3), where dn is the dimeneion of the operator On. For example, the first matrix element
in Eq.(13) is expanded as
〈Hb|h¯j(0)hi(x)|Hb〉 = 〈Hb|h¯j(0)hi(0)|Hb〉+ xµ〈Hb|h¯j(0)∂µhi(0)|Hb〉
+
1
2
xµxν〈Hb|h¯j(0)∂µ∂νhi(0)|Hb〉+ · · · . (14)
With the Lorentz covariance and properties of the field h(x), the matrix element can be
written
〈Hb|h¯j(0)hi(x)|Hb〉 = 1
12
(1 + γ · v)ij〈Hb|h¯h|Hb〉+ 1
12
v · x(1 + γ · v)ij〈Hb|h¯v · ∂h|Hb〉
+
1
72
(1 + γ · v)ijxµxν [gµν〈Hb|h¯∂2Th|Hb〉
−vµvν〈Hb|h¯(∂2T − 3(v · ∂)2h|Hb〉] + · · · . (15)
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Because of Eq.(12) the first matrix element in the r.h.s. of the above equation is 1:
〈Hb|h¯h|Hb〉 = 1. (16)
This results in that the decay of Hb at the leading order of m
−1
b is the decay of the free
b-quark. Similarly we can expand the other matrix elements in Eq.(13) and we obtain:
Tij(x) = e
−imbv·x{ 1
12
(1 + γ · v)ij + ix
µ
2mb
[
1
12
(1 + γ · v)ijvµ
+
1
18
(γµ − vµγ · v)]〈Hb|h¯(γ ·DT )2h|Hb〉+ 1
72
xµxν(gµν − vµvν)
·(1 + γ · v)ij〈Hb|h¯D2Th|Hb〉 −
1
24
〈Hb|h¯(γ ·DT )2h|Hb〉}+ · · · (17)
where we have replaced the derivative ∂µ with the covariant one Dµ and the equation of
motion was used to eliminate the redundant operators. The · · · stand for contributions from
operators with the dimension higher than 5, which will lead to contributions at the order
higher than Λ2.
For the chamonium J/ψ we will work at the leading order in vc and we haveMJ/ψ = 2mc.
To expand the Dirac field c(x) with the field of NRQCD, we make a Lorentz boost to
transform the relevant matrix element into the J/ψ-rest frame and then make the expansion.
We obtain for the color-singlet part:∑
X
〈0|c¯(0)γµ(1− γ5)c(0)|J/ψ +X〉〈J/ψ +X|c(x)γν(1− γ5)c(x)|0〉
= eik·x
MJ/ψ
k0
εµ(λ)(εν(λ))∗
1
3
〈OJ/ψ1 (3S1)〉+O(v2c ), (18)
where the factor MJ/ψ/k
0 is due to the boost. The definition of the matrix element
〈OJ/ψ1 (3S1)〉 can be found in [1].
With Eq.(17) and Eq.(18) we can perform the x-intergration in Eq.(5). After the inte-
gration we obtain a δ-function for the momentum conservation, and also derivatives of the
δ-function like
∂
∂qµ
(2pi)4δ4(mbv − q − k). (19)
Such derivatives can be eliminated by partial integrations when the integration of the phase-
space is performed. For example, the contribution related the above derivative can be
written:∫
d4qδ(q2)f(q)
∂
∂qµ
δ4(mbv − q − k) = −(2qµδ′(q2)f(q) + δ(q2) ∂
∂qµ
f(q))|q=mbv−k, (20)
where δ′(x) = d
dx
δ(x). Performing these integrations the final results for the color-singlet
contribution can be obtained. To present our results we write:
〈Hb|h¯D2Th|Hb〉 = −µ2pi,
〈Hb|h¯(γ ·DT )2h|Hb〉 = 〈Hb|h¯D2Th|Hb〉+ 〈Hb|h¯
1
2
gGµνσ
µνh|Hb〉+ · · ·
= −µ2pi + µ2g + · · · , (21)
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where · · · stand for higher-order contributions. The color-singlet contribution Γ(1)λ can be
written as
Γ
(1)
λ =
m3bG
2
FC
2
[1]|Vcb|2
432pimc
〈OJ/ψ1 (3S1)〉 ·
{
Fλ(y) +
µ2pi
m2b
Hλ(y) +
µ2g
m2b
Gλ(y)
}
(22)
where y = 4m2c/m
2
b and the functions are:
FL(y) = (1− y)2,
FT (y) = y(1− y)2,
GL(y) =
1
6
(7− 4y + 7y2 − 10y3),
GT (y) =
1
6
y(11− 26y + 15y2),
HL(y) =
1
6
(−53 + 4y − y2 + 26y3),
HT (y) =
1
6
y(−11 + 14y − 27y2). (23)
From the above results the effect of the initial hadron is represented by two matrix elements
defined in HQET. It should be noted that the effect is not suppressed by the power of m−1b ,
but rather by the power of (m2b − 4m2c)−1. This can be seen by comparing the coefficients
given above.
For the color-octet contribution we expand the the color-octet matrix element related to
J/ψ with NRQCD fields. The result at the leading order of vc is:
∑
X
〈0|c¯(0)T aγµ(1− γ5)c(0)|J/ψ +X〉〈J/ψ +X|c(x)T bγν(1− γ5)c(x)|0〉
= eik·x
MJ/ψ
k0
1
24
δab{ k
µkν
MJ/ψ
〈OJ/ψ8 (1S0)〉+ εµ(λ)(εν(λ))∗〈OJ/ψ8 (3S1)〉
+(−gµν + k
µkν
MJ/ψ
− εµ(λ)(εν(λ))∗) 1
m2c
〈OJ/ψ8 (3P1)〉}+O(v6c ). (24)
At this order, the color-octet cc¯ pair with the quantum number 1S0,
3S1 and
3P1 can form
a J/ψ through emission or absorption of soft gluons, the probability is at order of v4c .
Perform similar calculations as for the color-singlet contribution we obtain the color-octet
contribution:
Γ
(8)
λ =
m3bG
2
FC
2
[8]|Vcb|2
288pimc
{
F
(8)
λ (y) +
µ2pi
m2b
H
(8)
λ (y) +
µ2g
m2b
G
(8)
λ (y)
}
, (25)
where the functions are:
F
(8)
L (y) = (1− y)2(〈OJ/ψ8 (1S0)〉+ 〈OJ/ψ8 (3S1)〉) + 2y(1− y)2
1
m2c
〈OJ/ψ8 (3P1)〉,
F
(8)
T (y) = (1− y)2(〈OJ/ψ8 (1S0)〉+ y〈OJ/ψ8 (3S1)〉) + (1− y)2(1 + y)
1
m2c
〈OJ/ψ8 (3P1)〉,
6
G
(8)
L (y) =
1
6
((7− 12y + 15y2 − 10y3)〈OJ/ψ8 (1S0)〉+ (7− 4y + 7y2 − 10y3)〈OJ/ψ8 (3S1)〉
+2(−1− 14y + 15y2) 1
m2c
〈OJ/ψ8 (3P1)〉),
G
(8)
T (y) =
1
6
((7− 12y + 15y2 − 10y3)〈OJ/ψ8 (1S0)〉+ y(11− 26y + 15y2)〈OJ/ψ8 (3S1)〉
+(7− 17y + 5y2 + 5y3) 1
m2c
〈OJ/ψ8 (3P1)〉),
H
(8)
L (y) =
1
6
((−53 + 12y − 9y2 + 26y3)〈OJ/ψ8 (1S0)〉+ (53 + 4y − y2 + 26y3)〈OJ/ψ8 (3S1)〉
+2y(1 + 2y − 27y2) 1
m2c
〈OJ/ψ8 (3P1)〉),
H
(8)
T (y) =
1
6
((−53 + 12y − 9y2 + 26y3)〈OJ/ψ8 (1S0)〉+ y(−11 + 14y − 27y2)〈OJ/ψ8 (3S1)〉
+(−53 + 17y − 11y2 − y3) 1
m2c
〈OJ/ψ8 (3P1)〉). (26)
With the results given above we complete our analysis for the effect of the initial hadron.
As mentioned before, because the NRQCD matrix elements, especially the color-octet matrix
elements, are not known precisely and also there are possibly large relativistic corrections
for charmonium, we can not give a precise prediction for the decay width. However, the
effect of the initial hadron can be estimated numerically. For this we take mb = 4.8GeV and
mc = 1.5GeV. We obtain for the color singlet contribution:
Γ
(1)
T =
m3bG
2
FC
2
[1]|Vcb|2
432pimc
〈OJ/ψ1 (3S1)〉 ·
{
0.15− 0.63 µ
2
pi
m2b
+ 0.20
µ2g
m2b
}
,
Γ
(1)
L =
m3bG
2
FC
2
[1]|Vcb|2
432pimc
〈OJ/ψ1 (3S1)〉 ·
{
0.37− 8.34 µ
2
pi
m2b
+ 0.98
µ2g
m2b
}
. (27)
It is remarkable that the coefficient in the front of µ2pi is very large for Γ
(1)
L in comparison
with others. This indicates that the effect of the initial hadron may be substantial. Taking
Hb = B as an example, the parameter µ
2
g(B) can be determined by the mass splitting
between B and B∗ [13], it gives µ2g(B) ≈ 0.36GeV2, while µ2pi(B) can be determined from
the QCD sum rules [14] and from an analysis of spectroscopy of heavy hadrons [15]. These
determinations give a numerical range from 0.3GeV2 to 0.54GeV2 for µ2pi(B). There is also
a constraint for µ2pi(B), µ
2
pi(B) ≤ µ2g(B) [16]. We take the value µ2pi(B) ≈ µ2g(B) to estimate
the effect of the initial B. With these values, the effect in Γ
(1)
T is at 4% level, which is
negligible, while the effect in Γ
(1)
L is to reduce the width at 30% level in comparison with
Γ
(1)
L at the leading order, which is significant. Taking the same quark masses we obtain for
the color-octet contribution:
Γ
(8)
T =
m3bG
2
FC
2
[8]|Vcb|2
288pimc
· {(0.37− 8.02 µ
2
pi
m2b
+ 0.67
µ2g
m2b
)〈OJ/ψ8 (1S0)〉
+(0.15− 0.63 µ
2
pi
m2b
+ 0.20
µ2g
m2b
)〈OJ/ψ8 (3S1)〉
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+(0.52− 8.02 µ
2
pi
m2b
+ 0.23
µ2g
m2b
)
1
m2c
〈OJ/ψ8 (3P1)〉}
Γ
(8)
L =
m3bG
2
FC
2
[8]|Vcb|2
288pimc
· {(0.37− 8.02 µ
2
pi
m2b
+ 0.67
µ2g
m2b
)〈OJ/ψ8 (1S0)〉
+(0.37− 8.34 µ
2
pi
m2b
+ 0.98
µ2g
m2b
)〈OJ/ψ8 (3S1)〉
+(0.29− 0.30 µ
2
pi
m2b
+ 0.54
µ2g
m2b
)
1
m2c
〈OJ/ψ8 (3P1)〉}. (28)
In the color-octet contribution there are also large numbers in the front of µ2pi in different
production channels. This results in that the corrections are significant. We also take
B-meson as an example and we find:
Γ
(8)
T (B) ≈
m3bG
2
FC
2
[8]|Vcb|2
288pimc
· {(0.37− 0.11)〈OJ/ψ8 (1S0)〉
+(0.15− 0.007)〈OJ/ψ8 (3S1)〉+ (0.52− 0.12)
1
m2c
〈OJ/ψ8 (3P1)〉}
Γ
(8)
L (B) ≈
m3bG
2
FC
2
[8]|Vcb|2
288pimc
· {(0.37− 0.11)〈OJ/ψ8 (1S0)〉
+(0.37− 0.11)〈OJ/ψ8 (3S1)〉+ (0.29− 0.004)
1
m2c
〈OJ/ψ8 (3P1)〉}, (29)
where the second number in (· · ·) is for the corrections. From these numbers one can see
that the corrections are large, especially in the 1S0 channel, which can be at 30% level. The
large corrections arise in both color-singlet and color-octet contributions from terms with
µ2pi, that indicates that the Fermi-motion of the b-quark inside B affects the decay width
substantially.
If we collect all known results to compare the experimental result [17]
Br(B → J/ψ +X)exp = 0.80± 0.08%,
Br(B → ψ′ +X)exp = 0.34± 0.05%, (30)
we have serious problems with the one-loop QCD correction and with the relativistic correc-
tion. With the one-loop correction the color-singlet contribution becomes negative [9]. The
relativistic correction is analyzed in [10] and it can have large effect, but the detailed size is
unknown because there are four unknown matrix elements of NRQCD. If we neglect it we
have:
Br(B → ψ +X) = 0.073 · 10−2〈Oψ1 (3S1)〉
+0.19〈Oψ8 (3S1)〉+ 0.33〈Oψ8 (1S0)〉+
0.34
m2c
〈Oψ1 (3P1)〉
−{0.068 · 10−2〈Oψ1 (3S1)〉+ 0.071〈Oψ8 (1S0)〉
+0.027〈Oψ8 (3S1)〉+
0.053
m2c
〈Oψ1 (3P1)〉}, (31)
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where we use ψ to denote J/ψ or ψ′. In the first two lines there are the results from the
leading order in the m−1b -expansion. The numbers are from [9] and they contain one-loop
QCD corrections. They are slightly modified due to the m−2b corrections in the semiletonic
decay width. It should be noted that the color-singlet contribution is improved by adding
certain contributions from higher orders and with the improvement it becomes positive. The
results of this work are given in the last two lines. With the corrections the contributions
from all channels become smaller than those without the corrections. If we take a larger
value of µ2pi(B), the color-singlet contribution becomes negative. Among the four matrix
elements in Eq.(31) the color-single one is calculated with potential models [18] and with
lattice QCD [19], whose value is [18]
〈OJ/ψ1 (3S1)〉 = 1.16GeV3,
〈Oψ′1 (3S1)〉 = 0.76GeV3. (32)
The matrix element 〈Oψ8 (1S0)〉 is determined by experiments at Tevatron and at Hera
[20–23], but the uncertainty can be large. We take the value:
〈OJ/ψ8 (3S1)〉 = 1.06 · 10−2GeV3,
〈Oψ′8 (3S1)〉 = 0.44 · 10−2GeV3. (33)
The other two are not well determined, only certain combination of them is known with
large uncertainty. With the experimental results in Eq.(30) we can determine a combination
of them:
〈OJ/ψ8 (1S0)〉+
1.13
m2c
〈OJ/ψ1 (3P1)〉 = 2.4 · 10−2GeV3,
〈Oψ′8 (1S0)〉+
1.13
m2c
〈Oψ′1 (3P1)〉 = 1.0 · 10−2GeV3. (34)
Comparing the combinations determined without the corrections [9] the change is significant,
the combinations becomes 80% larger than those without the corrections and they are closer
to those determined from other experiments [20–23]. However, the determination of the
combinations should be regarded as a rough one because possibly large corrections from
higher orders in vc are neglected.
To summarize: We have analyzed the effect of the initial hadron in the process Hb →
ψ +X . With our results the three expansions used for the process are all completed at the
next-to-leading order. The effect of the initial hadron can be at 30% level for B → ψ +X
and it reduces the decay width. The effect is mainly due to the Fermi-motion of the b-quark
inside the initial hadron. Including this effect we have determined combinations of two
NRQCD matrix elements, which are 80% larger than those without the effect and they are
closer to those determined in other experiment. However, the results for the combinations
should be taken with caution because neglected effects can be large.
Acknowledgment: This work is supported by National Science Foundation of P.R. China
and by the Hundred Yonng Scientist Program of Sinica Academia of P.R.China.
9
REFERENCES
[1] G.T Bodwin, E. Braaten, and, G.P Lepage, Phys. Rev. D51 1125 (1995).
[2] N. Isgur and M.B. Wise, Phys. Lett. B232 (1989) 113, ibid B237 (1990) 527
E. Eichten and B. Hill, Phys. Lett. B234 (1990) 511
B. Grinstein, Nucl. Phys. B339 (1990) 253
H. Georgi, Phys. Lett. B240 (1990) 447
[3] M. Neubert, Phys. Rep. C245 (1994) 259
[4] B. Block, L. Koyrakh, M. Shifman and A.L. Vainshtein, Phys. Rev. D49 (1994) 3356
[5] A. Manohar and M.B. Wise, Phys. Rev. D49 (1994) 1310
[6] H.D. Politzer, Nucl. Phys. B172 (1980) 349
[7] Pyungwon Ko, Jungil Lee and H.S. Song, Phys. Rev. D53 (1996) 1409
[8] S. Fleming et al, Phys. Rev. D55 (1997) 4098
[9] M. Beneke, F. Maltoni and I.Z. Rothstein, Phys. Rev. D59 (1999) 054003
[10] J.P. Ma, hep-ph/0003124, to appear in Phys. Rev. D.
[11] M. Beneke, G.A. Schule and S. Wolf, hep-ph/0001062, to appear in Phys. Rev. D.
V. Barger, W.Y. Keung, J.P. Leveille and R.J.N. Philips, Phys. Rev. D24 (1981) 2016
W.F. Palmer, E.A. Paschos and P.H. Soldan, Phys. Rev. D56 (1997) 5794
[12] S. Balk, J.G. Ko¨rner and D. Pirjol, Nucl. Phys. B428 (1994) 499.
[13] M.B. Voloshin, hep-ph/0004257
[14] P. Ball and V. Braun, Phys. Rev. D49 (1994) 2472.
[15] M. Neubert, Peport CLNS 00/1660, hep-ph/0001334.
[16] M.B. Voloshin, Surv. High En. Phys. 8 (1995) 27
[17] R. Balest et al.(CLEO Collaboration), Phys. Rev. D52 (1995) 2661
[18] E. Eichten and C. Quigg, Phys. Rev. D52 (1995) 1726
[19] G.T. Bodwin, D.K. Sinclair and S. Kim, ANL preprint ANL-HEP-PR-96-28(hep-
ph/9605023)
[20] E. Braaten and S. Fleming, Phys. Rev. Lett. 74 (1995) 3327
[21] P. Cho and A.K. Leibovich, Phys. Rev. D53 (1996) 150, ibid. D53 (1996) 6203
[22] M. Beneke and M. Kra¨mer, Phys. Rev. D55 (1997) 5269
[23] B.A. Kniehl and M. Kra¨mer, Eur. Phys. J. C6 (1999) 493
10
